Survival, body weight, and site-specific tumor rates in untreated, corn oil gavage, and water gavage control Fischer 344 (F344/N) rats from 88 National Toxicology Program (NTP) long term carcinogenicity studies were evaluated to determine which factors were primarily responsible for inter-study variability. For male rats, previously-reported decreases in leukemia and increases in body weight, survival, and pancreatic acinar cell tumors attributable to corn oil gavage were confirmed. Corn oil did not appear to affect tumor rates in female rats. The gavage technique per se did not appear to influence tumor rates in rats of either sex. Previously reported time-related increases in certain site-specific neoplasia in control rats appeared to have stabilized in recent years, but control tumor rates are still much greater than those seen a decade ago. More recent studies continue to show increasing rates of leukemia and mammary gland tumors and decreasing survival. Female rats also continue to show time-related increases in maximum mean body weight. Inter-laboratory variability in body weight and in the rates of a number of site-specific neoplasms were also significant. High mean body weights in control groups were found to be associated with increased rates of mammary and pituitary tumors. Our evaluation supports the view that if historical control data are to be utilized in the interpretation of experimental results, primary emphasis should be given to lab and route of administrationspecific tumor rates for studies that are contemporary to the study under evaluation. It also suggests that certain experimental design changes (e.g., dietary modifications) may be needed to reduce tumor rates and to increase survival.
INTRODUCTION
During the past 2 decades, the National Cancer Institute (NCI) and the National Toxicology Program (NTP) have conducted more than 400 long term carcinogenicity studies with male and female Fischer 344 (F344/N) rats (10, 13, 14) . Thus, the NTP has generated a large historical control database of tumor rates from a number of different laboratories (6) (7) (8) 10, 17, 18, 23, 27) .
Although the most appropriate and important comparison of an experimental group is with its matched control (4, 27) , there may be instances in which historical control rates provide relevant data needed to interpret results of laboratory animal carcinogenicity studies. Two examples are the evaluation of uncommonly occurring tumors and the assessment of increased tumor rates that are marginally significant relative to concurrent controls (27) .
However, in the utilization of historical control data, it is important to identify the major sources of variability and to determine the impact that this variability may have on the interpretation of experimental results (9) . Control tumor rates may differ among laboratories (7, 9, 27) , and different types of control groups may exhibit different tumor rates. For example, control male F344/N rats given corn oil by gavage have shown an elevated rate of pancreatic acinar cell tumors and a reduced rate of mononuclear cell leukemia relative to untreated control groups (8) .
More recently, Rao et al (17) demonstrated that there have been marked time-related increases in body weight and in the prevalence of certain sitespecific tumors in untreated control F344/N rats from NTP long term studies during an 11-yr-period.
Survival of control animals has also been correspondingly reduced. As a result, the statistical sensitivity of studies for detecting carcinogenic effects may also be decreased.
This paper addresses these issues by evaluating the variability in survival, body weight, and tumor rates in 88 NTP untreated (diet control), corn oil gavage, and water gavage control groups of F344/N rats. In particular, we evaluated whether the previously reported (8) effects of corn oil gavage can be confirmed in a more current set of control groups.
The use of water gavage controls permits an evaluation of the relative effects of corn oil and the gavage technique per se. By considering more recent studies and including corn oil and water gavage as well as untreated control animals, our evaluation extends the work of Rao et al ( 17) in determining the patterns of time-related increases in spontaneous tumor rates. Evaluations are also made of interlaboratory variability and the association between tumor occurrence and body weight. Finally, the implications of these findings on the use of historical control data and on possible modifications of the experimental protocols used in long term rodent studies are discussed.
METHODS
The database evaluated consisted of 31 untreated control groups, 43 corn oil gavage control groups, and 14 water gavage control groups from NTP studies involving 12 laboratories located throughout the United States and spanning approximately a 4-yrtime-period. A complete list of these studies is available upon request, and there is little overlap of this database and the one of earlier NTP experiments considered by Haseman et al (8) .
For all studies in this database, the NIH-07 open formula diet (15) (20) . According to the American Institute of Nutrition Ad Hoc Committee on standards for nutritional studies (1) , &dquo;open for-mula&dquo; diets such as the NIH-07 are considered to be more consistent than the commercial &dquo;closed formula&dquo; (proprietary) diets.
In each study, the observed rates of these commonly-occurring tumors in F344/N rats were tabulated and evaluated: mononuclear cell leukemia, pituitary tumors, adrenal pheochromocytoma, thyroid c-cell tumors, mammary tumors, pancreatic acinar cell tumors, and endometrial stromal polyps.
Final survival rates and survival at 100 weeks of age (since study durations differed slightly) were also compared. The maximum mean body weight achieved by each control group during the course of the study was also evaluated.
Analysis of variance procedures were used to determine the impact of route of administration, interlaboratory variability and time-related trends on the rates of site-specific neoplasia, body weight, and survival. For the tumor and survival data, the variance stabilizing arc sine transformation was applied to these data prior to analysis. If significant overall effects were detected, multiple comparison procedures (Fisher's Least Significant Difference Test) were used to make pairwise comparisons.
RESULTS
The overall survival, body weight, and tumor rate summaries are given in For males, the corn oil gavage group had increased body weight relative to untreated controls (503 vs 478 g), while for females the opposite effect was observed (331 vs 348 g). Males (but not females) receiving corn oil by gavage had significantly improved survival relative to untreated controls (65% vs 52%). The only tumors showing statistically significant route of administration differences were leukemia and pancreatic acinar cell tumors in males. Males receiving corn oil by gavage had reduced leukemia rates (21 % vs 49%) and higher rates of pancreatic acinar cell tumors (6% vs 1 %) relative to untreated controls (Table I) .
The corn oil effects in male rats appear to be interrelated. That is, corn oil gavage male rats live longer than water gavage or untreated controls because corn oil decreases leukemia, the major cause of death in F344/N rats. Similarly, the increased rates of pancreatic acinar cell tumors may be related to the increased body weights resulting from higher caloric intake due to corn oil gavage. For example, the 3 corn oil gavage control groups with the highest rates of pancreatic acinar cell tumors (22%, 24%, and 32%) also had high maximum mean body weights (513, 525, and 529 g, respectively). A similar relationship between high body weight and pancreatic acinar cell tumors for several different corn oil gavage control groups has been previously reported (8) .
However, the association between increased body weight and elevated pancreatic acinar cell tumor rate may not be a direct cause and effect relationship. The increase in maximum mean body weight in corn oil gavage controls is likely related to the increased caloric intake, whereas the increase in pancreatic tumors may be related to the direct effect of corn oil, in combination with other dietary fatty acids, on the metabolism of initiated pancreatic cells. High dietary levels of unsaturated fat, but not saturated fat, increase the yield of experimentally induced pancreatic neoplasms. In addition, a minimum level of the unsaturated essential fatty acid linoleic acid seems to be necessary for maximum neoplastic response, whereas further enhancement of neoplastic yield depends on total quantity of dietary fat and not on composition (22) . Importantly, the corn oil effect on the rate of pancreatic acinar cell tumors in control male rats was significant (p < 0.01) even after adjusting for differences in body weight. Water gavage controls were generally similar to untreated controls, the only exception being that females receiving water by gavage had significantly reduced body weights relative to untreated controls (333 vs 348 g; see Table II ). There were no significant differences between the water gavage and un-treated control groups with respect to site-specific tumor rates.
The standard deviations (SDs) for tumor rates reported in Tables I and II permit an assessment of the extent to which &dquo;extra-binomial variability&dquo; is present in these data. The variability from study to study expected by chance alone follows binomial distribution, with an underlying SD equal to the square root of p(1p)/n, where n is the number of animals per group and p is the underlying proportion of animals with tumors. Tumors showing greater variability than this are said to exhibit &dquo;extra-binomial variability,&dquo; i.e., greater variability from study to study than would be expected by chance. Since most studies in the database have n = 50, we can approximate the variability (SD) expected by chance and examine each tumor to determine the extent of extra-binomial variability present.
While most tumors in Tables I and II showed some degree of extra-binomial variability, some tumors showed more variation than others. For example, adrenal pheochromocytomas in untreated female rats occurred with a rate of 6.5% in the NTP database (Table II ). If we assume that the underlying (17) ; current evaluation includes some studies started in1980; 1983 data include one study started in 1984.
Year: Year of study start; n: Number of studies; Survival: Survival at 100 weeks of age.
proportion of animals with these tumors is p = 0.065, then the SD expected by chance alone is approximately :
This value agrees closely with the SD actually observed (3.4%), suggesting that there is no extrabinomial variability for this particular tumor. The range of adrenal pheochromocytoma rates across the 31 untreated female rat control groups was only 0-12%, consistent with what might be expected by chance alone.
In contrast, pancreatic acinar cell tumors in corn oil gavage control male rats occurred with a rate (6.2%) similar to that noted above for adrenal pheochromocytoma in untreated female rats, and the SD expected by chance is approximately: SD = SQRT[(0.062)(0.938)/50)] = 0.034 (3.4%). However, the SD actually observed for this tumor was 7.1 % (Table I) , which is strongly indicative of extra-binomial variability. Rates for this neoplasm were quite variable: Eleven of the 43 corn oil gavage studies had control rates of 0%, while others had control rates as high as 22%, 24%, and 32%.
Rao et al (17) Year: Year of study start; n: Number of studies; Survival: Survival at 100 weeks of age. (8) .° Survival at the end of the study (generally 104-105 weeks).
continued decrease in survival and increase in body weight and mammary tumor rate for untreated female rats (Table IV) . Rao et al (17) did not consider corn oil gavage controls, but these data show similar trends. For example, Table V compares the current NTP database with earlier studies (8) , and shows that the time-related changes noted in Tables III-IV for Number in parenthesis refers to number of studies. b Four laboratories whose studies utilized only one route of administration and thus cannot provide within-lab comparisons of route differences. related decrease in survival, an increase (p < 0.001 ) in mammary gland tumor rates, and an increase (p < 0.05) in leukemia. Female rats also showed a significant (p < 0.01 ) time-related increase in body weight (Table VI) . No other statistically significant time-related changes in tumor occurrence were found.
In addition to route of administration effects and time-related trends, inter-laboratory variability was examined and found to be significant for many tumors. For example, the overall rate of pancreatic acinar cell tumors in corn oil gavage controls was 132/2,138 (6.2%), but the majority of these tumors were observed at a single lab, which had a rate of 70/447 (15.7%). Thus, the control rate of these neoplasms at all other laboratories was only 3.7% (62/ 1, 6 91 ). This inter-laboratory variability accounts for much of the extra-binomial variability in this tumor noted above. Another tumor showing significant (p < 0.001) inter-laboratory variability was endometrial stromal polyps, with lab-specific mean rates ranging from 12.8% to 29.3%. The magnitude of the inter-laboratory variability in the current dataset is similar to that seen in the earlier studies (8) . For certain.tumors (most notably mammary and pituitary neoplasms), the lab-to-lab variability in tumor rate paralleled the lab-to-lab variability in body weight, thus, suggesting that the tumor differences among labs were due in part to the marked inter-laboratory variability in body weight. Interestingly, leukemia, generally considered to be a highly variable tumor, did not show significant inter-laboratory variability for these particular laboratories, especially when time-related trends and corn oil gavage effects were taken into account.
DISCUSSION
The current evaluation confirms that time-related trends, route of administration differences, and inter-laboratory variability are important sources of variability in survival, body weight and/or tumor rates in control F344/N rats. However, these factors are often inter-related so it may be difficult to isolate precisely the impact of each individual factor. For example, certain laboratories carried out only one type of study (Table VII) , or tended to carry out studies at certain points in time, which makes it more difficult to differentiate inter-laboratory variability from route of administration or time-related effects. However, the corn oil effects noted above for male rats cannot be attributed to the influence of such confounding factors.
For example, although pancreatic tumors showed some association with body weight and marked inter-laboratory variability, the corn oil effect was still highly significant (p < 0.01) even after adjusting for these factors. Similarly, the inter-laboratory variability in pancreatic acinar cell tumors remained significant after adjusting for corn oil effects. For leukemia in male rats, the corn oil effect remained significant after adjusting for time-related trends, and conversely, the time-related increase remained significant after adjusting for corn oil effects.
Although it is useful to confirm that inter-laboratory variability or time-related trends exist, it is of even more value to identify why these factors may cause differences in tumor rates. Haseman et al (9) and Rao et al (17) identified several factors that may account for these time-related changes. These include: i) in some instances, more tissue is being sampled for histopathological evaluation in current studies than in those conducted in the past;
ii) there appear to have been time-related changes in diagnostic criteria for classifying certain tumors; and iii) dietary factors and increased body weights have, no doubt, influenced tumor occurrence. However, time-related increases in certain tumors (e.g., leukemia) cannot be attributed solely to these factors.
Our study confirms an earlier finding (8) that, for male F344/N rats, corn oil gavage decreases the rate of leukemia and increases the rate of pancreatic acinar cell tumors relative to untreated controls (Table  V) . In female rats, there was no effect of corn oil gavage on the rate of site-specific tumors, also consistent with previous results (8) . The NTP has in progress a long-term study designed to evaluate the carcinogenic potentials of corn oil and of other vehicle oils (sesame seed, sunflower seed, and tricaprylin) in F344/N rats. Although the evaluation of these studies is incomplete, preliminary results strongly confirm both of the tumor effects noted above (14) .
Interestingly, corn oil appears to increase body weight in male rats and decrease body weight in female rats. Because of the highly significant interlaboratory variability in body weight, lab-specific comparisons in mean body weight were examined and are shown in Table VII . The mean body weight difference between corn oil gavage and untreated controls is quite consistent at the 6 labs having both gavage and feeding studies, averaging 29 g for males and -16 g for females (Table VII) .
For each of the 4 labs having both untreated and water gavage controls, the female water gavage controls weighed less, by an average of 13 g (Table VII ). This was the only instance in the evaluation of the current control data where the water gavage group appeared to be different from the untreated controls (Tables I and II ). This suggests that the reduced body weights associated with corn oil gavage in female rats may possibly be due to unknown factors associated with the gavage technique itself rather than due to corn oil. However, this hypothesis requires additional confirmation.
The sources of inter-laboratory variability in control tumor rates are currently under investigation. It is likely that certain of the factors noted above for time-related trends, i.e., amount of tissue examined, histopathology diagnosis, and/or dietary/ body weight differences, may also account for much of the inter-laboratory variability in tumor rates. For example, the 3 labs with the lowest control rates of mammary neoplasms in female rats (22.0%, 24.3%, and 27.5%) also had the lowest mean body weights (308, 310, and 324 g, respectively). Conversely, the 4 labs with the highest control rates of mammary neoplasms (54.5%, 49.0%, 45.6%, and 44.0%) were also 4 of the 5 labs with the highest mean body weights (351, 346, 354, and 353 g, respectively). Pituitary tumors showed a similar, but somewhat less pronounced trend. The association between increased rates of pituitary and mammary tumors and increased body weights in rats has been well documented (see 9, 17, 21 and the references cited therein).
Differences in tumor rates among routes of ad-ministration may also be related to corresponding differences in mean body weight. For example, the corn oil gavage control groups showed a slight increase in mammary and pituitary tumors in male rats and a slight decrease in these neoplasms in female rats relative to untreated controls (Tables I  and II ). It is likely that these marginal effects were related to the significant body weight differences observed between corn oil gavage and untreated control groups, and the association between increased body weight and elevated mammary and pituitary tumor rates, as noted above. Other neoplasms (leukemia, thyroid c-cell tumors, adrenal pheochromocytomas, and endometrial stromal polyps) did not appear to be correlated with body weight changes.
Because of the impact that body weight may have on survival and certain tumor rates, one must be concerned about dietary/body weight issues in the design and evaluation oflong term rodent carcinogenicity studies. For example, mammary tumor and leukemia rates continue to increase in control F344/N rats, and while some other tumor rates have stabilized, they are still considerably higher than those seen a decade ago (Tables III and IV) . These high control tumor rates, considered together with the decreased survival, are cause for concern for the following reasons: survival to the end of NTP long term studies now averages only 52% for untreated males and 62% for untreated females (Tables I and  II) . Thus, certain modifications in dietary protocols may be needed. The NTP is conducting a number of studies, involving more than 2,500 rodents, with standard and modified diets, ad libitum and moderate (-20%) diet restriction in combination with chemical treatment to identify the advantages of modified diet or diet restriction to decrease body weights and tumor rates (especially lethal tumors) and to enhance the sensitivity of chemical carcinogenesis studies (19) . However, while dietary factors are important, all 88 studies in our evaluation employed the NIH07 diet, so other factors may have been responsible for the time-related changes in control body weights observed in these particular experiments. These additional factors may include the elimation of infectious diseases and/or the intentional or inadvertent selection of fast growing, high body weight progeny for future generations.
How do the findings of the current study impact the utilization of historical control data? Our evaluation supports the view that if historical control data are to be utilized in the interpretation of experimental results, primary emphasis should be on lab and route of administration-specific tumor rates for studies that are contemporary to the study under evaluation.
This is consistent with current NTP policy, which gives primary emphasis to rates at the same laboratory and maintains approximately a five year time interval or &dquo;moving window&dquo; for inclusion of studies in the historical control database. Every 9-12 months, the database is redefined by adding more recent studies and deleting older studies. Validation of tumor diagnoses by the NTP Pathology Working Group (PWG) is the &dquo;trigger&dquo; that renders a study eligible for inclusion in the database (2) . Separate control databases are generated for each route of administration. The NTP generally conducts no formal statistical analyses utilizing historical control data, but frequently considers this information in the overall evaluation of a chemical's carcinogenic potential. Although a number of statistical procedures have been proposed for the incorporation of historical control data in a formal testing framework (e.g., 3, 5, 11, 12, 16, 26, 28) there is no consensus regarding which procedure is most appropriate. Indeed, there have been papers sharply critical of certain of these procedures on statistical grounds (24, 25) . Furthermore, most of these statistical methods are based on simple evaluations of proportions, and thus do not take survival differences into account. They also make no adjustment for time-related trends in tumor rates, such as those noted in Tables III and IV. In conclusion, our evaluation i) confirms that corn oil increases pancreatic acinar cell tumor rates and reduces leukemia rates in male F344/N rats but has no significant effect on tumors in female rats; ii) indicates that corn oil increases body weight and survival in male rats; iii) shows that the gavage technique per se does not appear to affect tumor rates; iv) suggests that control tumor rates for mammary tumors and leukemia are continuing to increase in control F344/N rats, while survival shows time-related decreases. Body weights in the more recent studies are also increased for control female rats; v) confirms that body weight appears to be related to mammary and pituitary tumor rates; vi) reveals that inter-laboratory differences continue to be important sources of variability for body weight and for site-specific tumor rates; and vii) suggests that certain experimental design changes (e.g., dietary modifications) may be needed to decrease tumor rates and to increase survival.
